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AIRPLANE.WITH IN6REASED POITaZt-
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By Joe.W. Ikll ‘and.Rob&t F; Havens
. .

Il?TRODUCTIW .

The Consolidated AiPcrnft’Corpora”tlonhas undprtsken the

installation of 1300-horsepo~er.engines In the PB2Y-3 air-

pl.me In place of the present 1200-horsepower engines. l’~ith
..

this additional power, the operation of the airplane is ex-,

.pectedto include flights at e gross load of 76,000 pounds.

Since earlier tests.of a l/&-s~ze dynamic model of’the P’EE!Y-3

airplano with simul~ted jet motors (reforenca 1) indicated

that the airplane would be unntable on the water at loads of

76,000 POUWS, further tests of the model,were.necosssry.

The stability and spr~y tests cioscribedherein were made
..

“to determine the performance of.th~ model on the .qaterwhen

tested at both the present ahd the projeoted conditions of

gross load and engine power. Tha data obtainbd th~refore

00V0P a range.of”oporating oonditionpj,sq@ that ,thep.~q-
.

sent performance of the PB2Y.3 alrplme O* be .dtioctlycom-
. .

pared wl.th.results of tho model ta#ts.. Such a-comparison
..

sffords.a basis for the proper Intorpmtatlon- of.the nqdel
..

,.-

.. . . ‘.“....... ... . .“
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at higher gross wetghts and aas~ea .&

mate of the perfor@nce. of the PB2Y-3

equipped with the larger engines. . .

This investigation was part of the work requested by
z

the Bureau of Aeronautics, N+vy I)epartment,on May 5, 1941, g

and was oonducted during Febr~ry and March 1943. The

Consolidate Aircraft Corporation was represented by

... .Messrs.E. Q. Stout and H. E. Brooke.

.“ DESCRIPTION OF MODEL
..

. ..
The’construction and special features of’this mode~~

.:.,,
des@nated NACA model 131s are described In reference 2.

..- .:
Figure 1“shows the general arrangement of model 131 and
. .
gives”important dimensions.

The locations &d dimensions of the ventilating “
● ✎✎

✎ ducts Of the

were part of

In the m~del

approximation

The wing

partial-span,

model are shown In figure 2. These ducts “

a ventilat~.onsystem which had been installed

for use In earlier tests and were a convenient

to those used

was of normal

inboard flaps
. . ..

.. of “thefour nacelles housed

on the full+lze” airplane. ‘

area and was equipped with

and leading-edge slats. Each

& alternating-oubrent induo-
. . .
‘-’~lonmotob’which wa= directly oonnecbed to a three+lade

.. . . .
“metalpropellers 19; Inches Iri’diameter.’ “ . “ ‘ ‘

The angular setting M the propeller bledes and speed

of rotation which would produce scale take-off thrust were
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determined fi~ Me ~opeller test curves given In refer-
... , ..”. . .......

ence 2. .A const&t b-lade&le’”& 8° at”O;75 radi~ &

mintained and the speed of rotation changed to.simulate

changes in engine power. The propellers of the model,.

turned at 6200 rpm to reprpduoe the scale take-off thrust,.

of’the airplane equipped with 1200~orsepower engties and
..

at 7000 rpm to reproduce the increased take+ff thr&t

provided by 1800Aorsepower engines.. . . . .
Provision was made on the model for the interc~ge

of geometrically similar elevators and elevators hav~m~. . . .
a 20~ercent increase in ohord, either of which could .

%.
be controlled by deans of a control stick mounted on the

carriage.

The pitching moment of inertia of model 131, when

balanced with the pivot at 28 percent of the mean aero-

dynamic chord, was found to be 15.9 slug-feet2. This

value agrees closely with the scale moment of inertia,..

15.3 slug-feet2, given in reference 2 for a gross load
..

of 76,000 pOU!ldS,
.. ,. .

APPARA~ AND PROCEDURE ‘

‘...General

This investigation was made.In NACA tank no. 1

(reference 3) and consisted of:
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“ (1) Aerodyn&i;
.. . .
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i%sts to develop’s oonflgmiiti”onof
. .:.

tie aerodynmiio surfaces having characteristics oom~rable

to predetermined wind-tunnel results,

(2) Hydrodynamic tests to determine the stabilfty

and spray “characteristicsof &e model during accelerated

runs.

The

with the

A&odynamic Tests

aerodynamic tests were made In

model pivoted about a point at

the usual mminer

25 percent of the

mean aerodsc chord and suspended just above the water

under the main carriage. The model was towed at a constant

speed of”approximately 42.5 feet per second, while lift

and trhing forces were measured with ring dynamometers.

All data were obtained at the mid-length of the tank.

Power+ff’ tests were made with the propellers removed

from

cent

the model.

Since the airspeed just &head”of the model was 5 per-

greater than the speed of the carrtage, all tests

simulated normal full-scale operation In a light head

wind. Nevertheless, values of Iif’tand trimming-moment

coefficients were computed from true carriage speed rather

than from true airspeed; .
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Hydrod~amic Tests .

These tests were made in
-... .. .. .. ....---

erenoe 4, by towing the model

-con~tant rate of aocelenation

the manner described in ref-

und~r the main carrtage at a .

In order to determine the

variation of trim with speed at several elevator settings.

The greater part of the tests wene made at an acceleration

of 1 foot per second per secpnd, which Zs the normal

acceleration used.

Higher accelerationswere used d~ring several tests,

however, t.~deter]linethe effects of’a more rapid take-off

run; Th~ ri~od~~Iym ~owgd rrmn various positions Qf the

c“enterof grevity at oonsooutlve ELCCeb~Gfi!.OrJs of 1, 2, and

~ feet pe; s~cond per second. Recorclsof the variation of

trim with speed were obtained by means of a correlation of

mo.tlonpictures of the trim scale readir+s with records of

distance and time. At the sam9 tim9 r.otionpictures of the

bow of’the modsl were t~keflto show the height and volume of

the bow spray during different accelerations. These pictures “

were made at 64 frsmas per second when the gross weight of the

model was 4.3 pounds (76,000 pounds full size) and the pro.-

pellera wore turning at 7000 rpm.

The motors were turned on dbring the normal accelerated

runs at a speed of approximately 15 feet per second in order

to avoid the destructive effects of spray. Since hump speed

..- .— —.-
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was about 17.5 feet per second, the effects bf “powerwere

applied throughout the critical planing range..-
RES~Ts fi,~DIS~$~ION

Aerodynamic Tests

The aerodynamic characteristics of model 131 “withseversl

configurations of the aerodynamic

mounts of power are presented in

followfng table:

surfaces and different “-

&e fi~urfjslisted in the J

.-.,—. . —-—
!--.— .

I ----t--- ‘--

—————-—— . .— .—.— --..—-
1 ,

Sta12i2ize7sett~lg1
I

I
...

relativ~ to i31evetor. . Flap
~jR~~line chord

-4

deflection “.
(dog) (dag)——----—-— .

-1—— —
--—.-.

1“

I < 7000
I

-3
-:

3
-3
-3
-3
-3

~ ---do----l );~ “

I

I---(30----i 23 ;
---do----i go .
Hormal 1

iIncreased!
20

I 2a “
,---do---- :
i
I
---uO---w I :; “

I ---do---- : 20 I1
i
.- ..- — --— --- - —-~ —— _ -— .-.—-

Lif’tand trimmhg-mcment coefficients are ref’orrodto

standard air density, normal wing area,@d tho speed of the

oarriagc3.

Figures 3 aid 4 compare the power-off aerodynamic charac-

teristics of the f’tnglconfi~uration of’the model, as tested
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on the water, with wind-tunnel results furnished by the repre-

sentatives of t~lecontraotoro The elpvator effectiveness.. ..

of the tahk model with normal chord elevators and the.sta=

billzer set at -3° relative to the base line was slightly -

greater than t~p wind-tunnel model, except at stall. . ~x-’”-.
.“. .
cellent agreement Is shown for the.values of’the maximum....,”

lift coefficients and for the slopes of’the lift and-moment:”

Gurves.. f

. The effect of changing tinestabilizer setting from -3°
to,2° relattve to trio base line or the model is shown in ““

figure 5. Results of tests with !ucressed chord elevators
. .
are given in this figure, as wel~.as in figures 6, 7, anti8

which are plots of aerodyn:idic

elevators had been used on the

under the auxiliary carrla~e.

tests with power. These ~“

r.odelduring previous tests “

Since good agreement with

power-off, wind-tunnel data was obtained in the present tests

with scale elevators (figs..5 and 4.),the greater lift and” “

control moment afforded by increased ohord el.evatore’’(shown ~“

In fig. 9) were not

The effects of

characteristics are

pririclpaleffects:

cre&se In the slope

considered necessary. . .

ruqning propellers on the aerodymuq.ic

shown in figure 10.. There ane four

(1) greatly increased lift, (2) an i~~- “

of the lift curve,.(~) increastideleva-”

“ tor effectiveness, and (,4.)deoreased static pitching sta~

bilitym Figure 10 also gives the results of’wind-tunnel
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tests with power, Inwhlch are included the changes in llf’t

and trhming moment due to ground ef’fe~t. This figure shows

discrepancies between tank and wind-tunnel data which do not

OCCU; in the power-off condition. A comparison of the condi-

tions under which both tests were made, hoWever,.partially ac-

counts for these differences. T%nk tests are made”at rela--.

tively low speeds with sc~e take-off thrust, while wind- .

tunnel tests artiusually made at high speeds in order to clupli-

oate a specific stead;?-fli@t condftion. Since tho l~omant

caused by thrust and the tri.mm$.ngmoment caused by other aero-

dynamic forces do not vary in We same msnnsr with speed, the

negative increments of trir.ming-movmntcoe.ffici+mtcaused by

power in tank t~~ts usually are much ~reater than that result-

ing from wind~tunnel tests at higher sp-eeds. Thl$ is shown

in figure 10 to be the case for the present tests. l?urther-

more, ground-effect corrections applied to wind-tunnc.ltest

curves are subject to inaccuracies, especially wb.enconsidera-

tion must be made of the effects of slipstream.

Because oi’the possibility cf inaccuracies fn ~round-

effeot corrections together with t%

coefficient at different speeds, tile

tion .oftank and wind-tunnel

the .Jiftand trlmmi~-mment

condition.

resL71ts

difference ~q thr~st-~om~nt

method us~d for carl~ela-

was tlr.eReproduction of

coefficient irlthe powel+-oj?f
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khe following

Hydrodynamic Tests
.

table is an index to the hydrodynamic

>.. tests-made at the’nozmal -aoceleratlon.and indludes a partial

list or the f’lgums in which test results are plotted:
.. . .. ... -... —.. —--- . -. -.

1

n
Conditions of the test I Index to figures

I-—.—
I

ILoad(lb)

I......—
~ lJ#3.o

::40.0
I - .3
IJ?
‘ ll~o::
Ilpyl
;1.+ .0
:1 .3

ii?:1 .0
, 155.3
I

,

~ 1--
HOPSe-

Flaps power
Rpm (deg) per

eJ~lne
——- --
6200 20 “ 120CI
6205 20 I ~2ao
&2m 20., 3.200
7000 20 I 1300

i
7000

‘i
laoo

I

——-— . -- -.—

1
— Vn3ation”

of trim
Load with speed
(lb)

I

;:: :::!
7i,ooo~
76,000!
72,000;
70,000j
76,000:
70,000:
76,000i
70,000\

n(a)
n(b)
11(C)
l]+(a)
U(b)
lJ(c)
$1 (B)
18(b)
20(Q)
20(b)

- - - ..— — .. . .. ---- . -

Max ●

Em@ 8
of porp.
against
pos.
C.g,,——
..
12

15

19

21

..... ......

Limits
of

stable.
pos● of

C.gs
against
load

“.13

.16

- ,-..—- -- —

. .

Eff9ct of’gross load with normal enRlne power, flBpS.200. -

Curves of the variation of trim with speed at all of the gross

loads tested with normal power (6200 qm) are given In figure

11. . In nearly all oases, at aft locations of the.center of
..

gravity with up elevators, the model l%ok off “duringdivergent

upper-limit ponpotsing. The amplitude of porpo~sl”ngjust “

before take-off at aft positions of the center of gravity has

been plotted In figure 1-2,together with the maxirmm amplitude

—.—— . .. . . ..
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of lower-limit porpoislng at forward.positions of the center

of gravity. Figure 13, which is a summary of figures 11 and

12, shows the sxmll effect increased load had upon the stable

ra~e of the positions of the center of gravity, considering

the allowable magnitude of porpolsing amplitude to be 20., “

The stable range decreased from approximately bos-percent

mean aerodynamic chord at a gross load of’70,000 pounds to 5-

percent mean aerodymmlc chord at 76,0xI pounds when deter-

mined with elevator settings of 0° and ~20°, The deternina- .

tion of the range of stable positions of the center of ~ravity,

however, depends greatly on elevatrxasectlng, as is shown in .

figure 13.

Effect of gross load with Increased enqlne power, flP.ps20°. -

Thq results of accelerated runs with increased

at three gross luads are plotfe~ in figures 14

marlzed in figure 16. A comparison of figure

powar (7000 rgm)

and 15 and sum-

lJ with ?Igure 11

(no~~~- power) shows the decreased trim produaed by increased

propeller thrust. The range of stable locations of the center

of gravity shown In f’igure16 was h-percent mean aerodynamic

chord at a gross load of 70,000 pounds and 3-percent of the

mean aerodynamic chord at 76,000 pounds.

Effect of increased load and power with flaps et 20°. -

Figure 17 shows that a chqo in ~peratlng conditions from a

gross load of 70,000 pounds with a propeller speed of 6200rpm

.
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to a gross load Of 76,000 pounds with a propeller speed of
,.‘. - ...-”. .. . L. ... ..

7000 rpm has little effect on the al% lirn~tOf the .center .

of gravity (about 5&peroent mean aerodynamic chord 11~ .

both cases) but moves the forward limit from 52-percent mean

aerodynamic chord to 55-percent mean aenodynmic cllordr ‘ .

Although these limits nay not be in exact wyewnent with those

experienced in the operation of the full-u~-zea“irplone,the

change in l~mits is believed to be indicative of the change

that will result from Increasfi.ngthe power snd the &ross load

of tk~eairplane. The incrbase.in power

appears to require a forward movoment of

bility at norm.1 positions.o~ thle center

Ths bow spray wss particularly objectlonahle with in- “

creassd load and power, Wat~r roue vertically ahe[.clor the

bow until the modsl obtaf.nedn ~peod of about 10 feat p::r

second (17 kmts fI~llsize), Large amounts of’spray which

enteredthe inboard propoller disks were thrown to the out-

board propellers and over the wing throughout a“sgmed rnnge

from 12 to.23 knots (full size). “..

Effect of deflection of fiaps on sta~ilj.ty.- Hydrody- “’

namic teats were also made to determtm the 1~.r,~i.tsfor st~ble”

positions of the center of’gravity with flaps set’at O“ and

at 40°. Curves of the va.iat~on of’.trti.With spebd (fi~. .

18 an~20) are cross-plotted.in figur~s 19 and 21 to show the
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maximum amplitude of porpoising at a propeller speed of 70-~0 :

rpm ● Figure 22 shows the effect of the deflection of’flaps
. .

on the range of stable positions of the c~nter of gravity.

A greater change in stability characteristics resuitad ~rbm

changing the deflection of the flaps ~ron 0° to 200 tlwinfrom

20° to 40% The effeot of deflecting the flaps @O fron.the

retracted position was to decrease the range of stable loca-

tions of’the center of gravity by approximately 2.5 percent

of the mean aerodynamic chord and to move the nldpint of the

stable range aft by about 13-percent mean acradynsmic chord.

Sffect of acceleration on st~billty-~dm s~r~y rla;ls20°. -

An indication of the effect of accelercti”onon the n~~nitude

of porpoising and the formation of bow spray was cbtained by

towing the model at accelerations of’1, 2, and j feet per

second2, with the proptillersturning ‘(000.rpn. Plots of ~he

variation of’trlu with speec?and acceler~ticm at tievarsl

loads and several locations of the center of gravity are given

in figure 23. This figure shows”that por~aising occurred

within the ssme range of speed at all accelerati&s and that

the frequency “d.- sn av8rage porpoi3ing cycle was not greatl;y

changed by acceleration. Ths variations in acceleration

which occurred during the runs of figure 25 were dua to the

difficulty of control of the speed of the carriage. Cross

plots of maximum amplftude of’porpolsi~ against accelertition,
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glven in figure”24 show that the amplitude of porpoislng w&s

decreased by the use of hi~er accelerations....--- In view of “

this trend, the inconsistent results obtained in run A and

run B (fig. 23) show that other considerations sdch”and”waves”

in the tanlctisnail deflections o~”the elevator, small changes

in.the balance of the model, and inconsistent application of

power can cause effects large enough to obscure the effects’

of acceleration. It .1sbelieved, however, that a more “

preciso but less conservative determina~lon of “thestable

I$mits of,the location of the center of’gravity would b~

obtained”by model tests In which tt,envera,qefull-sc’ale

acceleration was approximately reproduced.

Motion pictures of model 131, taken during runs at the”

consecutively higher accclerstions”of1, 2, and 3 feet per

second per”~econd indicate that acceleration has little

effect on the formation and distribution of spray at a gross

load of.76,000 pounds full scale. Large amounts of spray”

entered the-propeller disks in all cases, but the excessive”

sproayr,lastsfor a shorter time, of course, with the hi~her

accelerations.

COITCLUDING’IUIMA=S

Tests of model 131 with propellers

..

turning at 6200 rpm

shm.zlatedoperation of the P332Y-3airplane equipped with

eng.lnes.of1200 horsepower, while tests with the propellers

of the model turning”at-7200 rprn-sii~latedoperation of a



-4-

modlfied PB2Y-3 airplane with engines of 1300 horsepower. The

results of these tests can be summarized as follows:

1. The effect of gross load on the range of stable post-

tions of the center of gravity at both propeller speecls(62oo

and 7000 rpm) was small for the gross loads tested. The

range was decreased approximately l-percent nean aerodynamic
.

chord in tests with a flap deflection of 20° by Increasing

the load from 70,000 pounds to 76,000 pounds full size.

2. Inoreased power and load had little effect on the

aft limit of stable range of locations of the center of gravity

but moved the forward limit aft about ~ percent. With 20°

flaps, at a gross load oi’135.8 pounds (70,000 pounds full

stze) and a propeller speed of 6200 rpm, the forward llmit

determined with neutral elevators occurred at 32kpercent

mean aerodynamic chord, while the aft llmit determined with

-20° elevators occurred at 3&percent nean aerodynamic chord.

At a“gross load of L!@ pounds (76,000 pounds full size) and a

propeller speed of 7000 rpm, the forward and Rf’tllmi.tsoc-

curred at 35-percent and 38-percent mean aerodynamic chord,

respectively. The possibility of low-angle porpoislng at

normal positions of the center of grsvlty ~s thereby Increased

unless the step is moved forward.

3. Deflection of the flaps from 0° to 20° produced a

greater aft displacement of the range of stable locations

of the center of gravity than was produced by the deflection
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of the flaps from 20° to 40°. The stable range was decreased

about 2.5-percent’me&n aerodfismlc “&ord a~ moved aft 13- -

percent mean aerodynamic chord by deflecting the flaps from

00 to 40%

4.O Records taken when the model was towed at accelera-

tions of approximately 1, 2, and 3 feet per second per

second show that the.maximum amplitude of por.poisi.ngof a

dynamic model Is decreased when the acceleration durin~ take-

off is increased. At forward locatlons of the center of

gravity, the maximum amplitude of porpoisirg obtalll~clat the

normal rate of acceleration (1.faot per second par second)

was decreased by as much as )+0percent when test runs were

made at 3 feet per second per second.

5. Excessive amounts of water and syzwJ cane in contact

with the inboard and the outbosrd propellers at gross loads

of both 70,000 pounds md 76,0c)0pounds. Varlatians in the

acceleration of take-off had little effect on the form and “

,

— -.

.

— ..—
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distribution of bow spray. However, the effects of spray

can be minimized by rapid acceleration throug~ the critical

speed range.

.

Langley Memorial Aeronautical Laboratory,.
National Advisory Committee for Aeronautics, “

Langley Field, Vs., June 9, 1943 ~

. . . .
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